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(57) ABSTRACT 

A developer includes a development roller Which supplies a 
developing solution to a photosensitive body, transport 
screWs Which stir and transport the developing solution, and 
the like. A high heat conductivity member Which serves as 
a partition is provided betWeen the transport screWs, and a 
radiator Which is led to an outside of the developer and 
Which includes a plurality of radiation ?ns is constituted in 
an upper portion of the developer. To increase a heat 
receiving area for receiving heat from the developing 
solution, a second high heat conductivity member Which is 
formed out of a graphite sheet is bonded to an inner Wall 
surface of a loWer casing, and the second high heat conduc 
tivity member contacts With the high heat conductivity 
member. 

33 Claims, 15 Drawing Sheets 

AIR BLOW 
DIRECTION 



U.S. Patent Aug. 31, 2004 Sheet 1 0f 15 US 6,785,490 B2 

181 
< (P 152 %QO\1B3 



U.S. Patent Aug. 31, 2004 Sheet 2 0f 15 US 6,785,490 B2 

FIG.2 

AIR BLOW 
DIRECTION 



U.S. Patent Aug. 31, 2004 Sheet 3 0f 15 US 6,785,490 B2 

22 

24a 

AIR BLOW 
DIRECTION 

22 



U.S. Patent Aug. 31, 2004 Sheet 4 0f 15 US 6,785,490 B2 

. 25a 

' ‘#25 

V 
AIFI BLOW 

25a \22 DIRECTION 
25 “ 

5 
- w \* 26b 

‘ 26a 

x26 
5a 

22 

<50 
DEVELOPMENT UNIT 

ATTACHMENT/DETACHMENT DIRECTION 



U.S. Patent Aug. 31, 2004 Sheet 5 0f 15 US 6,785,490 B2 

DEVELOPMENT UNIT 
ATTACHMENT/ 

DETACHMENT DIRECTION 

5 

50 

5b 
5b 

24 

K 24a \ 22 



U.S. Patent Aug. 31, 2004 Sheet 6 0f 15 US 6,785,490 B2 

F|G.11 



U.S. Patent Aug. 31, 2004 Sheet 7 0f 15 US 6,785,490 B2 

F|G.12 

22 

21 

F|G.13 

17 29a 16 



U.S. Patent Aug. 31, 2004 Sheet 8 0f 15 US 6,785,490 B2 

15 

FIG.15 

-1 33 32 

5 E 20 
a r E“ 
: 24 15 



U.S. Patent Aug. 31, 2004 Sheet 9 0f 15 US 6,785,490 B2 

FIG.16 
100M LM 

110M 1305*‘ 



U.S. Patent Aug. 31, 2004 Sheet 10 0f 15 US 6,785,490 B2 

Fl G . 20 
(b) 

2000 
w 2030 

2010 
J 

-‘L:ZaZLLZLLLLLLLlLLLlLLLLLlLLLLU.LLLLLU-LLLLLLLLM€ILfI lllmpdzoeo 

Lp 2050 FIG .21 

(b) 
2000 
I’ 2030 

2010 

2010 6 LP mmwmzoeo 



Aug. 31, 2004 Sheet 11 0f 15 US 6,785,490 B2 

F|G.22 
(b) 

2000 
J 2030 

2050 

2060 
LP 

F|G.23 
(b) 

LP 

F|G.24 
(b) 

F|G.25 
(b) 

Lp 

U.S. Patent 

(a) 

(a) 

I I I I I I I I n 7 

2010 

2050 

2050 



U.S. Patent Aug. 31, 2004 Sheet 12 0f 15 US 6,785,490 B2 

I 



U.S. Patent Aug. 31, 2004 Sheet 13 0f 15 US 6,785,490 B2 

A 
‘$ “1 

mm. .. ..,, 

. 
I 

‘ 

2090 

FIG.3O 
(b) 

FIG 31 
(b) 

LP 

F|G.32 

_-----v 

2050 

2090 





U.S. Patent Aug. 31, 2004 Sheet 15 0f 15 US 6,785,490 B2 

F|G.36 
1300 130M 1305K 

120 

\\\\\\\\\\\\\\\\\\\\\\\\\\ 
\ '\ ’\ '\ 

206OY 2060C 2060M 2060Bk \ 
2500 2400 



US 6,785,490 B2 
1 

DEVELOPER AND IMAGE FORMATION 
APPARATUS HAVING DEVELOPER 

FIELD OF THE INVENTION 

The present invention relates to a developer Which visu 
aliZes an electrostatic latent image on an image carrier, and 
an image formation apparatus, such as a copier, a printer or 
a facsimile, Which has the developer. 

BACKGROUND OF THE INVENTION 

A high temperature ?xing device is provided in an image 
formation apparatus. With laser exposure, an exposure sec 
tion (optical Writing unit) in the image formation apparatus 
includes a polygon motor Which rotates at high rate and 
serves as a heat emission source Which generates a large 
amount of heat. Even With LED exposure, a light source 
generates a large amount of heat. In such an environment, a 
developer has a mechanism of stirring and transporting a 
developing material and serving as one of a heat emission 
sources although the developer is smaller in heat emission 
quantity than the ?xing device and the exposure section. 

If an image formation rate is accelerated, it is necessary 
to stir and transport the developing material at high rate, as 
Well. This is because it is necessary to secure the quantity of 
the developing material carried by a developing material 
carrier and for a developer Which employs a tWo-component 
developing material to stabiliZe the quantity of toner in the 
developing material. If a developing material stirring and 
transporting member, such as a paddle or a screW, in a 
developing material container is driven at high rate, fric 
tional heat is generated to heat the developing material and 
to easily deteriorate the developing material. This causes the 
temperature rise of the developer and also of image forma 
tion devices around the developer, thereby producing dis 
advantages in the operation or image quality of the image 
formation apparatus. 

The ordinary con?guration of an image formation appa 
ratus intended to suppress the temperature rise of a devel 
oper is such that aluminum or the like having high heat 
conductivity is used as the material of a casing and an air 
How is generated on the outer Wall of the casing to thereby 
accelerate heat exchange. In addition, many apparatuses 
have been proposed (see, for example, Japanese Patent 
Application Laid-Open No. 5-188754) each of Which air 
cools the outside of a developing material container so as to 
suppress the temperature rise of the developer. To ef?ciently 
cool the developing material in the developing material 
container, in particular, it is effective to cool the bottom of 
the developing material container Which is large in an 
contact area With the developing material. 

At present, there is knoWn, as an image formation appa 
ratus Which can form multicolor images, a tandem type 
image formation apparatus Which can output images at a 
higher rate than that of a revolver type image formation 
apparatus or a juxtaposition type image formation apparatus 
since the tandem type image formation apparatus does not 
perform a color sWitching operation. HoWever, the tandem 
type image formation apparatus requires an image carrier for 
each color, leading to the result that the entire apparatus 
becomes large in siZe. To suppress the apparatus from being 
made large in siZe, the tandem type image formation appa 
ratus is required to make each image formation unit small in 
siZe and to increase the density of the units. 

With the con?guration of the image formation apparatus 
intended to suppress the temperature rise of the developer by 
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2 
using a member having high heat conductivity as the casing, 
if a ?xing device is disposed right under the developer or 
constituent members are croWded, the temperature of the 
surrounding of the developer is higher than that of the 
developer, Which often makes the developer become a heat 
receiving side. In addition, if the members are croWded, it is 
dif?cult to secure a space Which functions as a channel for 

generating an air How to suppress temperature rise. 

With the con?guration of air-cooling the outside of the 
developing material container, it is dif?cult to provide a 
device Which directly cools the developing material con 
tainer in proximity to the developer. In addition, a transfer 
device Which transfers a toner image on a photosensitive 
drum to a transfer body or an intermediate transfer body and 
a transport path for the transfer body or the intermediate 
transfer body are arranged around the photosensitive drum 
doWnstream of the developer. Therefore, there is no spatial 
room for the provision of a cooling unit. According to the 
conventional art, therefore, it is dif?cult to suf?ciently 
suppress the temperature rise of the developer in an image 
formation apparatus, such as the tandem type image forma 
tion apparatus, in Which constituent members are croWded. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide a 
developer Which can cool the developing material container 
of the developer irrespective of the outside temperature of 
the developer even if there is no spatial room around the 
developer and to provide an image formation apparatus 
Which includes this developer. 

According to one aspect of the present invention, there is 
provided a developer Which comprises, a developing mate 
rial carrier Which supplies a developing material Which is 
contained in a casing, to an image carrier, a high heat 
conductivity member Which has high heat conductivity and 
Which contacts With the developing material, and a radiator 
Which is formed by leading the high heat conductivity 
member to an outside of the developer. 

According to another aspect of the present invention, 
there is provided an image formation apparatus comprising 
the above-described developer, Wherein an electrostatic 
latent image is formed on the image carrier by an optical 
Writing unit and visualiZed as a toner image by the 
developer, and the toner image is transferred to a recording 
material. 

According to still another aspect of the present invention, 
there is provided an image formation apparatus comprising 
a developer Which comprises, a developing material carrier 
Which carries and transports a developing material, a devel 
oping material container Which contains the developing 
material Which is supplied by the developing material 
carrier, and a developing material stirring and transporting 
member Which stirs the developing material in the develop 
ing material container, and Which apparatus develops an 
electrostatic latent image on the image carrier, Wherein the 
image formation apparatus comprises, a heat conductive 
member Which conducts heat accumulated in a bottom of the 
developing material container to a different position, and a 
cooling unit Which cools the heat conducted by the heat 
conductive member at the different position. The heat accu 
mulated in the bottom of the developing material container 
is conducted by the heat conductive member from the 
bottom to the different position and the heat conductive 
member is cooled at the position by the cooling unit. 
Therefore, even With the layout on Which there is no spatial 
room for the provision of a unit Which directly cools the 
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bottom of the developing material container below the 
developing material container, it is possible to cool the 
developing material container of the developer. 

Other objects and features of this invention Will become 
understood from the folloWing description With reference to 
the accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic front vieW of a color copier as an 
image formation apparatus in a ?rst embodiment of the 
present invention, 

FIG. 2 is a schematic cross-sectional vieW of a developer 
Which corresponds to a yelloW image, 

FIG. 3 is a perspective vieW of a radiator, 

FIG. 4 is an exploded vieW Which shoWs the connection 
relation betWeen a high heat conductivity member and a 
second high heat conductivity member, 

FIG. 5 is a perspective vieW of a radiator in a second 

embodiment, 
FIG. 6 is a perspective vieW of a radiator in a third 

embodiment, 
FIG. 7 is a side vieW of a radiator in a fourth embodiment, 

FIG. 8 is a perspective vieW of a radiator in a ?fth 

embodiment, 
FIG. 9 is a front vieW of a radiator in the ?fth 

embodiment, 
FIG. 10 is a schematic cross-sectional vieW of a developer 

in a siXth embodiment, 
FIG. 11 is a schematic cross-sectional vieW of a developer 

in a seventh embodiment, 
FIG. 12 is a front vieW of important sections in a heat 

receiving area enlarging con?guration of a high heat con 
ductivity member in the seventh embodiment, 

FIG. 13 is a schematic cross-sectional vieW of a developer 
in an eighth embodiment, 

FIG. 14 is a schematic cross-sectional vieW of a developer 
in a ninth embodiment, 

FIG. 15 is a schematic cross-sectional vieW of a developer 
in a tenth embodiment, 

FIG. 16 is a schematic block diagram of an image 
formation section Which employs an intermediate transfer 
body in an eleventh embodiment, 

FIG. 17 is a schematic block diagram of an image 
formation section Which employs a transfer/transport belt, 

FIG. 18(a) is a cross-sectional vieW of the surface of the 
developer perpendicular to the development sleeve aXis, and 
FIG. 18(b) is a cross-sectional vieW of the developer Which 
is vieWed from the development sleeve longitudinal 
direction, 

FIG. 19(a) is a cross-sectional vieW of the surface of the 
developer perpendicular to the development sleeve aXis in 
the eleventh embodiment, and FIG. 19(b) is a cross-sectional 
vieW of the developer Which is vieWed from the develop 
ment sleeve longitudinal direction in the eleventh 
embodiment, 

FIG. 20(a) is a cross-sectional vieW of the surface of a 
developer perpendicular to the development sleeve aXis in a 
?rst modi?cation, and FIG. 20(b) is a cross-sectional vieW of 
the developer Which is vieWed from the development sleeve 
longitudinal direction in the ?rst modi?cation, 

FIG. 21(a) is a cross-sectional vieW of the surface of a 
developer perpendicular to the development sleeve aXis in a 
second modi?cation, and FIG. 21(b) is a cross-sectional 
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4 
vieW of the developer Which is vieWed from the develop 
ment sleeve longitudinal direction in the second 
modi?cation, 

FIG. 22(a) is a cross-sectional vieW of the surface of a 
developer perpendicular to the development sleeve aXis in a 
third modi?cation, and FIG. 22(b) is a cross-sectional vieW 
of the developer Which is vieWed from the development 
sleeve longitudinal direction in the third modi?cation, 

FIG. 23(a) is a cross-sectional vieW of the surface of a 
developer perpendicular to the development sleeve aXis in a 
fourth modi?cation, and FIG. 23(b) is a cross-sectional vieW 
of the developer Which is vieWed from the development 
sleeve longitudinal direction in the fourth modi?cation, 

FIG. 24(a) is a cross-sectional vieW of the surface of a 
developer perpendicular to the development sleeve aXis in a 
?fth modi?cation, and FIG. 24(b) is a cross-sectional vieW 
of the developer Which is vieWed from the development 
sleeve longitudinal direction in the ?fth modi?cation, 

FIG. 25(a) is a cross-sectional vieW of the surface of a 
developer perpendicular to the development sleeve aXis in a 
siXth modi?cation, and FIG. 25(b) is a cross-sectional vieW 
of the developer Which is vieWed from the development 
sleeve longitudinal direction in the siXth modi?cation, 

FIG. 26(a) is a cross-sectional vieW of the surface of a 
developer perpendicular to the development sleeve aXis in a 
seventh modi?cation, and FIG. 26(b) is a cross-sectional 
vieW of the developer Which is vieWed from the develop 
ment sleeve longitudinal direction in the seventh 
modi?cation, 

FIG. 27(a) is a cross-sectional vieW of the surface of a 
developer perpendicular to the development sleeve aXis in 
an eighth modi?cation, and FIG. 27(b) is a cross-sectional 
vieW of the developer Which is vieWed from the develop 
ment sleeve longitudinal direction in the eighth 
modi?cation, 

FIG. 28(a) is a cross-sectional vieW of the surface of the 
developer perpendicular to the development sleeve aXis in 
the eighth modi?cation, and FIG. 28(b) is a cross-sectional 
vieW of the developer Which is vieWed from the develop 
ment sleeve longitudinal direction in the eighth 
modi?cation, 

FIG. 29(a) is a cross-sectional vieW of the surface of the 
developer perpendicular to the development sleeve aXis in 
the eighth modi?cation, and FIG. 29(b) is a cross-sectional 
vieW of the developer Which is vieWed from the develop 
ment sleeve longitudinal direction in the eighth 
modi?cation, 

FIG. 30(a) is a cross-sectional vieW of the surface of the 
developer perpendicular to the development sleeve aXis in 
the eighth modi?cation, and FIG. 30(b) is a cross-sectional 
vieW of the developer Which is vieWed from the develop 
ment sleeve longitudinal direction in the eighth 
modi?cation, 

FIG. 31(a) is a cross-sectional vieW of the surface of the 
developer perpendicular to the development sleeve aXis in 
the eighth modi?cation, and FIG. 31(b) is a cross-sectional 
vieW of the developer Which is vieWed from the develop 
ment sleeve longitudinal direction in the eighth 
modi?cation, 

FIG. 32(a) is a cross-sectional vieW of the surface of the 
developer perpendicular to the development sleeve aXis in 
the eighth modi?cation, and FIG. 32(b) is a cross-sectional 
vieW of the developer Which is vieWed from the develop 
ment sleeve longitudinal direction in the eighth 
modi?cation, 
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FIG. 33(a) is a cross-sectional vieW of the surface of the 
developer perpendicular to the development sleeve axis in 
the eighth modi?cation, and FIG. 33(b) is a cross-sectional 
vieW of the developer Which is vieWed from the develop 
ment sleeve longitudinal direction in the eighth 
modi?cation, 

FIG. 34(a) is a cross-sectional vieW of the surface of the 
developer perpendicular to the development sleeve axis in 
the eighth modi?cation, and FIG. 34(b) is a cross-sectional 
vieW of the developer Which is vieWed from the develop 
ment sleeve longitudinal direction in the eighth 
modi?cation, 

FIG. 35 is a bottom vieW of an image formation apparatus 
if air-cooling units are used, and 

FIG. 36 is a bottom vieW of an image formation apparatus 
if coolant cooling units are used. 

DETAILED DESCRIPTION 

(First Embodiment) 
A ?rst embodiment of the present invention Will be 

explained hereinafter With reference to FIGS. 1 to 4. 
The outline of the con?guration and operation of a tandem 

type color copier as an image formation apparatus in the ?rst 
embodiment Will ?rst be explained With reference to FIG. 1. 
A color copier 1 includes an image formation section 1A 
Which is located at the center of an apparatus main body, a 
paper feeder 1B Which is located beloW the image formation 
section 1A and an image reader 1C Which is located above 
the image formation section 1A. 
An intermediate transfer belt 2 Which has a transfer 

surface (extended surface) Which extends in a horiZontal 
direction is arranged in the image formation section 1A. A 
con?guration for forming images With colors complemen 
tary to color separation colors is provided on the upper 
surface of the intermediate transfer belt 2. Namely, photo 
sensitive bodies 3Y, 3M, 3C and 3D Which serve as image 
carriers capable of carrying images of color toners (yelloW, 
magenta, cyan and black) in a complementary color rela 
tionship are arranged in parallel along the extended surface 
of the intermediate transfer belt 2. 

Each of the photosensitive bodies 3Y, 3M, 3C and 3B 
consists of a drum rotatable in the same direction (clockwise 
direction). A charge device 4 Which executes an image 
formation processing during rotation, a Write device 5, a 
developer 6, a primary transfer device 7 and a cleaner 8 are 
arranged around the drum. Alphabetic characters added to 
reference symbols correspond to respective toner colors as 
in the case of the photosensitive bodies 3. 
A color toner is contained in each developer 6. The color 

toner has Wax, Which serves as a mold release agent, 
capsulated and dispersed therein and adaptable to an oil-free 
environment. 

The intermediate transfer belt 2 is laid on a plurality of 
rollers 2A to 2C and constituted to be movable in the same 
direction at positions opposed to the photosensitive bodies 
3Y, 3M, 3C and 3B. The roller 2C other than the rollers 2A 
and 2B Which support the extended surface, stands opposite 
to a secondary transfer device 9 across the intermediate 
transfer belt 2. In FIG. 1, reference symbol 10 denotes a 
cleaner Which cleans the intermediate transfer belt 2. 

The surface of the photosensitive body 3Y is uniformly 
charged by the charge device 4Y and an electrostatic latent 
image is formed on the photosensitive body 3Y based on 
image information supplied from the image reader 1C. The 
electrostatic latent image is visualiZed as a toner image by 
the developer 6Y Which contains a yelloW toner. The toner 
image is primarily transferred to the intermediate transfer 
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6 
belt 2 by the primary transfer device 7Y. Likewise, images 
are formed on the other photosensitive bodies 3M, 3C and 
3B although toner colors differ among them. Toner images 
of the respective colors are sequentially transferred to the 
intermediate transfer belt 2 and superimposed. 
The toners remaining on the photosensitive body 3 are 

removed by the cleaner 8, the potential of the photosensitive 
body 3 is initialiZed by a charge neutraliZation lamp, not 
shoWn, after the transfer operation in preparation for the next 
image formation step. 
The secondary transfer device 9 has a transfer belt 9C 

Which is laid on a charge driving roller 9A and a driven roller 
9B and Which is moved in the same direction as that of the 
intermediate transfer belt 2. By charging the transfer belt 9C 
by the charge driving roller 9A, a multicolor image Which is 
superimposed on the intermediate transfer belt 2 or a mono 
chrome image carried by the intermediate transfer belt 2 can 
be transferred to a sheet P Which serves as a recording 
material. 
The sheet P is designed to be fed to a secondary transfer 

position from the paper feeder 1B. The paper feeder 1B is 
provided With a plurality of paper feed cassettes 1B1 in 
Which sheets P are piled and contained, a plurality of paper 
feed rollers 1B2 each of Which sequentially separates and 
feeds the uppermost sheet P from the sheets P contained in 
each paper feed cassette 1B1, transport roller pair 1B3, a 
resist roller pair 1B4 positioned upstream of the secondary 
transfer position and the like. 
The sheet P fed from the paper feed cassette 1B1 is 

temporarily stopped by the resist roller pair 1B4, and the 
slant deviation and the like of the sheet P are corrected. 
Thereafter, the sheet P is fed by the resist roller pair 1B4 to 
a secondary transfer position at timing at Which the tip end 
of a toner image on the intermediate transfer belt 2 is 
consistent With a predetermined position on the tip end 
section in a transport direction. A manual feed tray 50 Which 
can be freely brought up and doWn is provided on the right 
of the apparatus main body. The sheet P contained in the 
manual feed tray 50 is fed by the paper feed roller 52 and 
then fed toWard the resist roller pair 1B4 by a transfer path 
Which joins a paper transport path continuous With the paper 
feed cassette 1B1. 

In the Write device 5, a Write optical beam is controlled by 
image information from the image reader 1C or that Which 
is output from a computer, not shoWn, and a Write optical 
beam according to the image information is emitted to the 
corresponding photosensitive body 3Y, 3M, 3C or 3B to 
thereby form an electrostatic latent image. 
The image reader 1C includes an automatic original 

feeder 1C1, a scanner 1C2 Which has a contact glass 54 
serving as an original mount and the like. The automatic 
original feeder 1C1 is constituted to be capable of inverting 
an original supplied to the contact glass 54 so as to scan the 
front and rear sides of the original. 
The electrostatic latent image on the photosensitive body 

3 Which is formed by the Write device 5 is subjected to a 
visualiZation treatment by the developer 6 and primarily 
transferred to the intermediate transfer belt 2. When toner 
images of respective colors are super imposed and trans 
ferred to the intermediate transfer belt 2, the toner images 
are secondarily transferred together to the sheet P by the 
secondary transfer device 9. The sheet P to Which the toner 
images are secondarily transferred is fed to a ?xing device 
11 and the ?xing device 11 ?xes un?xed images by heat and 
pressure. The residual toner on the intermediate transfer belt 
2 after the secondary transfer is removed by the cleaner 10. 

The sheet P having passed through the ?xing device 11 is 
selectively guided to a transport path toWard a discharge tray 
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13 and an inversion transport path RP by a transport path 
switching claw 12 which is provided downstream of the 
?xing device 11. If the sheet P is transported toward the 
discharge tray 13, the sheet P is discharged to the discharge 
tray 13 by a discharge roller pair 56 and stacked thereon. If 
the sheet P is guided to the inversion transport path RP, the 
sheet P is inverted by an inversion device 58 and fed again 
to the resist roller pair 1B4. 

In the color copier 1 having the con?guration thus 
explained, by subjecting the original mounted on the contact 
glass 54 to exposure scan or obtaining image information 
from the computer, an electrostatic latent image is formed 
for the uniformly charged photosensitive body 3 and visu 
aliZed by the developer 6, and then a toner image is primarily 
transferred to the intermediate transfer belt 2. 

The toner image transferred to the intermediate transfer 
belt 2 is transferred to the sheet P supplied from the paper 
feeder 1B as it is if the toner image is a monochrome image. 
If the toner image is a multicolor image, primary transfer is 
repeated to superimpose images, and then the superimposed 
images are subjected together to secondary transfer. 
Un?xed images are ?xed to the sheet P after the secondary 

transfer by the ?xing device 11, the sheet P is discharged to 
the discharge tray 13 or inverted and fed again to the resist 
roller pair 1B4. 

The developer represented by the yellow developer 6Y 
will next be explained in detail with reference to FIGS. 2 to 
4. 

The developer 6Y includes a lower casing 18 which 
contains a developing material G, an upper casing 19 which 
covers the upper portion of the lower casing 18, transport 
screws 16 and 17 as developing material stirring and trans 
porting units which stir and transport the developing mate 
rial G, a development roller 15 as a developing material 
carrier which receives the developing material G from the 
transport screw 16, and the like. The upper casing 19 above 
the development roller 15 is provided with a doctor blade 20 
as a developing material restriction member which restricts 
the thickness of the developing material G on the develop 
ment roller 15. The lower casing 18 is formed out of resin 
of low heat conductivity. 

The transport screws 16 and 17 are partitioned by a high 
heat conductivity member 22 which serves as a partition. 
Each of the transport screws 16 and 17 has a length which 
extends in the axial direction of the photosensitive body 3Y 
and the development roller 15 and is driven to rotate so as 
to circulate the developing material G on developing mate 
rial transport paths which join each other on the depth side 
and the front side. As shown in FIG. 4, a second high heat 
conductivity member 21 is provided on the inner surface of 
the lower casing 18 with which the developing material G 
contacts. The lower end of the high heat conductivity 
member 22 is inserted into and ?xed to a concave section 
18a which is formed at the center of the lower casing 18 so 
as to contact with the surface of this second high heat 
conductivity member 21. That is, the contact area between 
the high heat conductivity member 22 and the developing 
material G is substantially enlarged by the second high heat 
conductivity member 21. 

The high heat conductivity member 22 is formed out of a 
plane heat pipe. The upper portion of the member 22 is 
guided to the outside of the apparatus main body and bent 
approximately at right angle to form a radiator 23 (omitted 
in FIG. 1). 

Although a heat pipe is normally cylindrical, a plane type 
heat pipe as a meander heat pipe already exists. Since this 
plane heat pipe is bendable, the radiating surface of the 
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8 
radiator 23 provided on the upper portion of the pipe can be 
oriented in the most effective direction. 

Normally, a bottom heat type heat pipe having a lower 
portion heated and an upper portion cooled can exhibit its 
performance most effectively. Therefore, the con?guration 
of the heat pipe in this embodiment is an optimum heat 
transport con?guration. 
The second high heat conductivity member 21 is formed 

out of a material of high heat conductivity. Speci?cally, the 
member 21 is a metal plate, a sheet, a plated member plated 
on the inner surface of the lower casing 18 or the like. 
Further, a graphite sheet as a high heat conductivity material 
(e.g., a PGS graphite sheet manufactured by Matsushita 
Electric Industrial Co., Ltd. or a GRAF OIL manufactured by 
Graphtech Corporation) can be used. 
The heat conductivity of graphite is high. In addition, heat 

conduction thereof is anisotropic and heat conductivity in 
plane direction is far higher than that in thickness direction. 
Therefore, depending on a multilayer method and the like, 
the heat conduction with the lower casing 18 lowers, making 
it possible to prevent the in?uence of external heat. In 
addition, graphite has its feature in that the coefficient of 
friction of the surface of graphite is quite low. Therefore, if 
the graphite sheet is used on the contact surface with the 
developing material G, the How rate of the developing 
material G increases on the contact surface, accelerating heat 
conduction. 

Further, in this embodiment, the transport screws 16 and 
17 are driven to rotate so that the liquid level of the 
developing material G is higher toward the high heat con 
ductivity member 22 which serves as a partition. By so 
driving, it is possible to increase the area of the high heat 
conductivity member 22 which directly performs heat con 
duction with the developing material G. 
As shown in FIG. 3, the radiator 23 has many radiation 

?ns 23a. Grooves (channels) which cause air How to pass are 
formed between the radiation ?ns 23a. As a whole, the 
grooves serve as a channel which penetrates the developer 6 
for each color. An air blow fan (not shown) which serves as 
an air ?ow generation unit is provided on the left side seen 
in FIG. 1. In FIG. 1, an air How is generated from left to right 
on the lower surface of the write unit 5. The air ?ow passes 
through the plural grooves so as to be orthogonal to the axial 
direction of the photosensitive body 3Y. By causing the air 
How to pass through the grooves, heat dissipates from the 
respective radiation ?ns 23a and radiated. 

Accordingly, the heat generated by stirring the developing 
material G by the transport screws 16 and 17 is guided to the 
outside of the apparatus main body (to the boundary with the 
write device 5) by the high heat conductivity member 22 and 
radiated by the radiator 23. If radiation ?ns are also arranged 
on the write device 5 side so as not to obstruct an optical path 
(in which case, it is desirable that the shapes of the ?ns 
viewed from an air blow direction are uniform or that the 
?ns are deviated from one another at ?xed intervals), then 
almost a consistent channel is obtained for all colors. 

In this case, the channel has a cross section long in the 
axial direction of the development roller 15. Therefore, it is 
possible to make the cross-sectional area of the channel large 
and to ef?ciently cool an air ?ow by forming a forced air 
?ow by a cross ?ow fan. 
The con?gurations of the other developers 6M, 6C and 6B 

are equal to that of the developer 6Y explained above. 
(Second Embodiment) 
A second embodiment will next be explained with refer 

ence to FIG. 5. It is noted that the same sections as those in 
the ?rst embodiment are denoted by the same reference 
















